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‘  The  Space  Astronomy  Laboratory  plans  to  fly  an  advanced  gamma-ray  spectro- 
eter  aboard  a  future  Shuttle  flight.  The  ’’GRAD"  spectrometer  employs  a  new 
ismuth  germanate  (BGO)  anticompton  shield  and  n-type  high  purity  germanium 
detector.  BGO,  because  of  its  high  atomic  number,  requires  only  1/12  the  volume 
and  1/6  the  weight  of  an  equally  sensitive  sodium  iodide  crystal.  The  n-type 
germanium  detector  is  at  least  25  times  more  resistant  to  neutron  radiation  damaf 
than  a  conventional  detector  and  has  a  very  broad  spectral  response  of  5  keV  to 
10  MeV.  Neither  of  these  materials  has  been  subjected  to  the  space,  (continued) 
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—  environment  as  working  components  of  a  detector  system.  The  radioactivation 

of  the  new  detector  materials  by  cosmic  rays  and  fast  neutrons,  as  well  as 
other  effects  of  launching,  landing  and  operation  in  the  space  environment 
on  the  detector  system  will  be  monitored  and  calibrated.  Early  information  on  , 
gamma- ray  background  from  activation  of  the  shuttle  itself  will  also  be  obtained. 
In  addition  to  the  technological  information  derived  from  the  experiment,  high 
energy-resolution  spectra  of  the  sun  and  the  galactic  center  will  be  taken. 
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I .  INTRODUCTION 


Shortly  after  the  OSS-1  pallet  of  scientific  experiments  was 
flown  into  space  on  the  STS-3  mission  in  March,  it  came  to  our  at¬ 
tention  that  the  chamber  inside  the  Thermal  Cannister  Experiment 
(TCE)  might  become  available  for  a  new  experiment  on  a  possible 
reflight  of  OSS-1  on  the  STS-5  mission  in  November  of  1982.  DARPA 
approval  for  a  proposed  Gamma-Ray  Advanced  Detector  Experiment  was 
forthcoming  in  mid-April,  and  the  manufacturers  started  cutting 
metal  early  in  May  to  insure  delivery  of  a  functioning  instrument 
to  the  Goddard  Spaceflight  Center  by  June  21  for  integration 
onto  the  OSS-1  pallet.  On  May  17,  however,  a  decision  not  to  refly 
OSS-1  was  made  at  NASA  headquarters;  we  are  therefore  working  to¬ 
ward  an  experiment  with  GRAD  on  STS-11,  the  next  suitable  mission, 
scheduled  for  January  31,  1983. 


The  original  plan  to  fly  on  STS-5  forced  certain  constraints 
on  the  design  of  the  GRAD  spectrometer.  In  the  first  place,  it 
was  necessary  that  the  instrument  mechanically  resemble  the  dummy 
experiment  (a  cylinder  of  water  with  heat  sensors)  it  was  to  re¬ 
place  inside  the  TCE.  Furthermore,  it  had  to  make  use  of  existing 
power  connections  and  resemble  the  TCE  to  the  OSS-1  avionics  unit. 
Finally,  the  severe  time  constraint  required  the  use  of  an  axially- 
symmetric,  open-ended  geometry,  rather  than  a  more  efficient  assy- 
metric  design  for  the  bismuth  germanate  (BGO)  anticompton  shield, 
as  the  technology  of  working  with  BGO  was  not  sufficiently  well 
developed  for  the  manufacturer  to  guarantee  delivery  of  a  shield 
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limitations,  the  GRAD  shield  is  the  most  advanced  BGO  shield  to 
have  been  fabricated  to  date. 

Certain  technological  questions  of  great  importance  to  de¬ 
velopers  of  advanced,  space-based  monitoring  systems  require  that 
high  priority  be  given  to  an  early  flight  of  GRAD.  Early  use  has 
been  made  of  BGO  in  space^ ;  however  the  nature  of  that  applica¬ 
tion  is  such  that  no  data  on  the  performance  of  BGO  as  a  gamma-ray 
detector  can  be  obtained.  The  advantages  of  BGO  over  conventional 
scintillators  in  terms  of  durability,  weight  and  volume  savings, 
and  greater  immunity  to  radiation  damage  make  it  potentially  of 
great  use  in  space  applications.  This  is  especially  so  in  the 
light  of  recent  advances  in  the  technology  of  BGO  crystal  growth 
which  have  resulted  in  larger  and  less  expensive  crystals  with  im¬ 
proved  energy  resolution  and  enhanced  light  output,  and  in  the 
technology  of  light  detection  with  new  devices  such  as  photodiodes 
and  microchannel  plates  (see  ref.  2  for  up-to-date  reports) .  That 
n-type  germanium  has  an  order  of  magnitude  better  energy  resolution 
than  does  sodium  iodide  and  may  be  at  least  25  times  less  suscep¬ 
tible  to  radiation  damage  than  conventional  p-type  germanium  makes 
it  potentially  of  great  usefulness  as  well.  Hence  the  questions 
of  how  well  these  new  materials  will  withstand  the  rigors  of 
launching  and  operation  in  space,  how  well  they  operate  in  the 
space  environment  as  detectors,  and  how  susceptible  they  are  to 
radioactivation  and  to  degradation  from  radiation  damage  must  be 
addressed  in  a  timely  fashion,  as  considerable  technological  ad¬ 
vantage  may  be  made  of  them  if  the  answers  are  as  favorable  as 
expected . 
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II.  STATUS  OP  GRAD 


2.1  The  Detectors. 

As  of  March  1983,  both  the  BGO  anticompton  shield  and  the  n- 
type  high-purity  germanium  detector  complete  with  its  space-qual¬ 
ified  cryostat  and  dewar  have  been  fabricated.  The  basic  design 
of  the  detector  configuration  is  shown  schematically  in  Figures 
1  and  2:  an  axially  symmetric  configuration  of  six  5.75M-long 
by  1.50"-thick  trapezoidal  segments  of  BGO,  each  with  its  own 
space-qualified  Hammamatsu  photomultiplier,  surrounds  a  55-mm  di¬ 
ameter  by  57-mm  long  germanium  detector  (32%  the  efficiency  of  a 
standard  3"  x  3"  Nal  detector  and  2  keV  FWHM  resolution  at  1332 
keV) .  Figures  3-5  are  photographs  of  the  actual  detectors  them¬ 
selves.  The  dewar  is  a  slight  modification  of  a  design  which  has 
been  successfully  flown  on  sounding  rockets.  In  the  present  case, 
a  matrix  of  activated  charcoal  is  used  to  hold  the  liquid  nitro¬ 
gen  together  in  zero  gravity  so  as  to  prevent  the  discharge  of  any 
liquid  through  the  vents.  With  a  charge  of  30  liters  of  liquid 
nitrogen,  the  holding  time  of  the  dewar  plus  cryostat  has  been 
measured  to  be  18  days  in  the  laboratory.  Preliminary  reports  on 
the  instrument  have  been  presented  at  international  conferences 
(refs.  3,  4,  5)  . 

2.2  The  Electronics. 

The  nuclear  electronics  for  the  original  OSS-1  flight  con¬ 
figuration  of  GRAD  were  based  on  commercially  available  NIM  (Nu¬ 
clear  Instrument  Module)  circuit  boards.  The  change  in  flight 
plans,  however,  made  it  necessary  for  us  to  drastically  cut  the 
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electrical  power  budget  by  completely  redesigning  the  electronics. 
By  making  use  of  customized  circuitry  plus  circuit  boards  from  a 
newly  developed  portable  multichannel  analyzer  (the  Canberra  Series 
10) ,  we  expect  to  be  able  to  lower  the  power  consumption  from  90 
watts  to  about  20  watts. 

Figure  6  is  a  block  diagram  of  the  revised  electronics.  The 
energy  signal  from  the  high-purity  nGe  detector  is  first 
preamplified  and  then  routed  to  three  linear  amplifiers  which  sup¬ 
ply  60-ys  shaped  signals  to  three  separate  4096-channel  analog-to- 
digital  converters  (ADC's)  through  three  independent  single-channel 
analyzers  (SCA's).  These  circuits  are  adjusted  such  that  the  first 
ADC  covers  the  range  30-500keV  in  4096  channels;  the  second  covers 
the  range  30keV  to  2MeV;  and  the  third,  the  entire  range  from  30KeV 
to  lOMeV.  This  redundancy  will  reduce  the  probability  of  failure 
and  provide  adequate  keV/channel  resolution  across  the  entire 
spectrum. 

The  timing  between  the  nGe  detector  and  the  BGO  shield  is 
determined  with  fast  timing  signals  from  the  shield  photomulti¬ 
pliers  and  the  nGe  preamplifier  timing  output  routed  into  constant 
fraction  discriminators  (CFD's).  The  nGe  CFD  has  lower  and  upper 
level  discriminators  set  to  cover  the  range  30-keV-10MeV.  The  BGO 
CFD  has  two  sets  of  lower  and  upper  level  discriminators:  one  to 
span  the  range  30keV-10MeV  and  the  other  to  define  a  window  around 
the  511  keV  line  in  the  BGO  spectrum.  Pulses  passed  through  the 
511keV  window  are  used  to  overrule  the  veto  in  the  third  (full 
spectrum)  ADC  line,  so  as  to  prevent  the  vetoing  of  pair  escape 
peaks  from  high-energy  gamma-rays.  The  fast  timing  signals  from 
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GRAD  Flight  Opportunities 


the  two  CFD's  are  routed  into  a  fast  coincidence  circuit,  which 
then  emits  stretched  pulses  to  control  the  gates  on  the  ADC's. 


When  a  nuclear  disintegration  occurs  in  the  calibration  probe, 
the  fast  coincidence  logic  sends  an  interrupt  to  the  microprocessor 
to  flag  the  arrival  of  a  calibration  signal  from  the  second  ADC, 
which  is  then  stored  in  the  calibration  spectrum. 

2 . 3  Opportunities  for  Flight  in  FY1984. 

The  GRAD  experiment  is  now  an  "approved"  mission  with  the 
Space  Division.  Recognizing  the  importance  of  an  early  flight  of 
the  experiment  the  SD/YCM  and  SD/YO  offices  are  studying  the  mis¬ 
sion  opportunities  listed  in  Table  1.  Earliest  flight  and  lowest 
cost  are  likely  to  be  on  the  STS-11  mission,  either  directly  mounted 
to  the  Getaway  Special  (GAS)  beam  or  integrated  onto  an  Adaptive 
Payload  Carrier  (APC) .  In  either  case,  both  power  and  telemetry 
would  be  provided.  Costs  for  each  option  are  being  prepared  by 
SD  and  will  be  communicated  directly  to  DARPA. 

We  have  based  the  budgets  of  the  present  proposal  on  an  STS-11 
flight  in  January  of  1984. 

2.4  Calibration  of  the  Spectrometer. 

Two  types  of  calibration  are  involved  here:  laboratory  and 
on  board.  Prior  to  the  flight,  the  energy  response  function  for 
gamma  rays  in  the  energy  range  20  keV  to  10  MeV,  the  absolute  ef¬ 
ficiency,  the  angular  response  and  the  Compton  suppression  will  be 
determined.  The  expected  energy  response  of  the  germanium  detector 
to  a  typical  monochromatic  gamma-ray  source  is  shown  in  Figure  7, 


COUNTS 


ENERGY  RESPONSE  FUNCTION  OF  THE  nGe  DETECTOR 


ENERGY  (keV) 
EXPECTED  PERFORMANCE 


•  ENERGY/CHANNEL  NONLINEARITY  LESS  THAN  1  keV  FOR 

1  -  5  MeV,  LESS  THAN  IOkeV  FOR  5  -  10  MeV 

•  ENERGY  RESOLUTION  »  2  keV  AT  1  MeV 

»  3  AT  1  MeV 

‘  »  50  TO  1  AT  1  MeV 


•  COMPTON  FRACTION 

•  PEAK  TO  COMPTON  RATIO 


and  a  rough  estimate  of  the  angular  response  is  sketched  in  Fig¬ 
ure  8.  The  Compton  suppression  of  the  system  as  measured  at  the 
Space  Astronomy  Laboratory  is  shown  in  Figure  9.  Without  Compton 
suppression,  the  peak-to-Compton  ratio  of  the  nGe  detector  is  50, 
with  the  suppression  it  averages. about  250. 

On-board  calibrations  will  be  performed  with  a  probe  consist¬ 
ing  of  a  weak  radioactive  source  embedded  in  a  small  plastic  scin¬ 
tillator  which  in  turn  will  be  mounted  on  a  photomultiplier  tube. 
When  a  gamma-ray  is  emitted  the  accompanying  beta-ray  will  produce 
a  scintillation  pulse  which  will  route  the  ensuing  signal*  if  there 
is  one,  from  the  gamma-ray  detector  into  an  area  of  the  micro¬ 
processor  memory  reserved  for  calibration  data.  The  source  will 
be  sufficiently  weak  that  accumulation  of  a  calibration  spectrum 
will  take  about  two  hours. 

2.5  Low  Background  Counting. 

All  materials  become  radioactive  to  some  extent  when  exposed 
to  the  radiation  belts  in  space;  hence  a  gamma-ray  background 
which  has  the  effect  of  lowering  the  signal-to-noise  ratio  of  the 
instrument.  A  second  effect  of  exposure  to  the  charged  particles 
and  neutrons  in  the  belts  is  actual  damage  to  the  detector  mater¬ 
ials  with  concomitant  degradation  in  performance.  To  aid  our  study 
of  the  susceptibility  of  BGO  and  n-type  germanium  to  these  effects 
we  will  perform  low  background  counting  experiments  on  the  spec¬ 
trometer  components  themselves  as  well  as  sample  crystals  to  be 
flown  along  with  the  spectrometer  for  possible  destructive  analysis 
if  required.  The  components  and  samples  will  be  studied  in  the 
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COLLIMATING  EFFECT  OF  THE  BGO 


Fig.  8.  Angular  Response  of  the  GRAD  Spectrometer 


low-background  counting  facility  of  the  Oak  Ridge  National  Labor¬ 


atory,  flown  on  the  mission  along  with  a  dosimetry  package  and, 
shortly  after  touchdown,  recounted  in  a  portable  counting  facility 
at  the  landing  base  (Edwards  AFB  or  Xennedy  Space  Flight  Center) . 
For  a  study  of  the  long-lived  activity,  the  system  will  be  re¬ 
turned  to  Oak  Ridge.  Along  with  the  on-board  spectra  these  care¬ 
fully  made  measurements  will  help  us  to  determine  whether,  as  we 
expect,  the  BGO  and  n-type  germanium  are  less  susceptible  than 
other  materials. 

2 .6  Data  Analysis  Software. 

Software  for  the  analysis  of  gamma-ray  spectra  has  been  de¬ 
veloped  in  our  laboratory  independent  of  Federal  sponsorship;  this 
will  be  adapted  for  use  on  the  GRAD  project  to  provide  us  with  the 
capability  of  near  realtime  analysis  during  mission  operations  at 
the  Johnson  Space  Flight  Center  as  well  as  detailed  analysis  to  be 
done  postmission  at  SAL. 

The  software  for  the  on-board  microprocessor  is  being  handled 
by  a  contractor  (Berle  Berson)  and  in  house  at  SAL. 

2 . 7  Cryogenics. 

The  detector  cryostat  and  dewar  have  been  constructed  and 
overpressure  tests  have  been  conducted.  Vibration  tests  will  be 
performed  in  September.  A  portable  dewar  for  filling  the  detector 
dewar  in  the  OPF  and  finally  on  the  launching  pad  is  under  devel¬ 
opment.  A  procedure  for  the  launching  pad  operation  has  to  be 
worked  out  in  detail.  Only  tentative  plans  can  be  made  until  the 
mission  parameters  are  better  defined.  Costing  for  this  operation 


has  not  been  included  in  the  budget.  Topping  off  the  dewar  on  the 
launching  pad  should  be  a  very  simple  matter  and  hence  inexpensive 
as  long  as  the  cargo  bay  doors  do  not  have  to  be  opened  for  that 
job  alone.  The  fact  that  the  dewar  has  an  18-day  static  holding 
time  should  provide  sufficient  leeway  for  us  to  find  a  convenient 
time  for  the  topping  off  operation. 

2. 8  Astronomical  Objectives. 

During  the  STS-11  mission  the  sun  and  the  galactic  center  will 
be  separated  by  about  40  degrees.  As  the  counting  efficiency  and 
angular  resolution  of  the  present  spectrometer  are  somewhat  lim¬ 
ited,  observations  of  these  objects  will  serve  more  to  determine 
spectrometer  sensitivity  than  advance  our  knowledge  of  astronomy. 
The  instrument  will  have  the  highest  energy  resolution  and  broad¬ 
est  bandwidth  in  the  line-spectrum  region  of  any  gamma-ray  spec¬ 
trometer  flown  to  date,  so  the  opportunity  will  exist  for  the 
observation  of  unusual  occurrences. 

The  background  of  gamma-rays  from  the  interaction  of  the  rad¬ 
iation  belt  with  the  orbiter  itself  may  limit  the  sensitivity  of 
GRAD.  This  problem  is  of  critical  importance  itself,  as  it  has 
not  yet  been  studied.  Our  experiment  should  provide  early  data 
on  its  magnitude  and  energy  distribution. 
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